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(57) A thermoelectric power generating timepiece 
(1) comprises a dial (30), a movement (40), and a heat 
conduction sheet (50), provided within an enclosed 
space, defined by a case (10) made of metal, with a 
glass (20) fixedly attached thereto, and a case back 
(70), and further comprises a thermoelectric element 
(60), housed in a gap between the heat conduction 
sheet (50) and the case back (70). The case back 70 is 
made of two kinds of materials each having a thermal 



conductivity differing from that of the other. The case 
back (70) is made up of a heat conducting part (71) 
made of material, such as metal, and the like, having a 
high thermal conductivity, and formed in a shape larger 
in outer size than the thermoelectric element (60), so as 
to be disposed opposite to the thermoelectric element 
(60), and a heat insulating part (72) made of material 
having a low thermal conductivity such as plastics, and 
the like, and formed so as to be disposed on the outside 
of the heat conducting part (71 ). 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a thermoelec- 
tric power generating timepiece utilizing a thermoelec- 
tric element made up of a plurality of thermocouples as 
a power supply source thereof, and a case back for the 
same. 

BACKGROUND TECHNOLOGY 

[0002] There has been seen progress in microminia- 
turization of electronic components making use of vari- 
ous kinds of metailic materials from year to year. Typical 
examples of the electronic components include a ther- 
moelectric element. In the thermoelectric element, a 
voltage is developed when different temperatures are 
applied to the opposite ends thereof, in thermoelectric 
power generation, such a voltage as developed is uti- 
lized as electric energy. The thermoelectric element for 
use in thermoelectric power generation has the advan- 
tage of being more suitable for microminiaturization than 
other generators and power generation elements be- 
cause of its simple construction, and further it does not 
pose a problem of depletion of electric power or leakage 
of an eletrolyte as with the case of an oxidation-reduc- 
tion battery. Accordingly, it has attracted much attention 
owing to its potential for application as a power supply 
source of a portable electronic equipment such as an 
electronic timepiece. 

[0003] Meanwhile, there has recently been a tenden- 
cy that product development is carried out based on the 
precondition that environmental problems have been 
fully taken into consideration. In the case of the portable 
electronic equipment, a button type silver cell and lithi- 
um cell are in use as a power supply source in order to 
render the portable electronic equipment miniaturized 
and lower in profile. If these cells are replaced as a result 
of depletion of electric power, and are discarded after- 
ward, there is no denying a possibility that this will cause 
environmental pollution. For this reason, it has been 
highly desired that development of a portable electronic 
equipment without the need for replacement of its cell 
becomes a reality, and to that end, the thermoelectric 
element is regarded as an element to play an important 
role. 

[0004] With the thermoelectric element, a plurality of 
thermocouples each comprised of a p-type thermoelec- 
tric semiconductor and an n-type thermoelectric semi- 
conductor are arranged in series, and a thermoelectric 
timepiece which is a wrist watch employing the thermo- 
electric element as a power supply source thereof has 
been well known. With a conventional thermoelectric 
power generating timepiece, even if an outside-air tem- 
perature is 25° C, and a skin temperature of an arm 
wearing the same is 32°C by way of example, thereby 
causing a difference of 7°C between both the tempera- 



2 

tures, it has been possible to obtain a difference in tem- 
perature, only on the order of 1.3°C, between a cold 
junction and a hot junction . of the thermoelectric ele- 
ment. Accordingly, there has been obtained a thermal 

5 electromotive force of about 400 fiW °C per thermocou- 
ple, and even if 2000 Bi-Te based thermocouples, re- 
garded as a thermocouple having high performance, are 
connected in series, a thermal electromotive force on 
the order of 1 V only can be obtained, so that there has 

10 been the need for connecting as many of the thermo- 
couples as possible. Furthermore, since the thermoe- 
lectric element needs to be housed in a limited space 
inside a timepiece, microminiaturization as well as high 
densification thereof is unavoidable so as to be able to 

15 obtain a high thermal electromotive force from the same 
small in size, however, there are limitations to the mi- 
crominiaturization and the high densification. Accord- 
ingly, there has emerged the need for increasing a dif- 
ference in temperature between the cold junction and 

20 the hot junction of the thermocouples in order to obtain 
a high thermal electromotive force therefrom, and in or- 
der to implement this, it has become necessary to intro- 
duce a new design idea to the construction of a thermo- 
electric power generating timepiece. 

25 [0005] Now, the construction of a conventional ther- 
moelectric power generating timepiece is specifically 
described hereinafter. Fig. 20 is a sectional view show- 
ing the conventional thermoelectric power generating 
timepiece 200. With the thermoelectric power generat- 

30 ing timepiece 200, there are provided a dial 30, a move- 
ment 40, a heat conduction sheet 50, and a thermoe- 
lectric element 60, installed inside an air-tight main body 
of the timepiece, made up of a case 15 made of metal, 
with a glass 20 fixedly attached thereto, heat insulating 

35 cases 180, and a case back 185, and a difference in 
temperature, occurring between the case back 1 85 and 
the case 15, is converted into electric energy, thereby 
providing a power supply source for driving the time- 
piece. The thermoelectric element 60 is disposed so as 

40 to cause one face thereof to be in contact with the case 
back 1 85 with a lower protection sheet 62 interposed 
therebetween, and to cause the other face thereof to be 
in contact with the heat conduction sheet 50 with an up- 
per protection sheet 61 interposed therebetween. The 

45 heat conduction sheet 50 is disposed between the 
movement 40 and the upper protection sheet 61 such 
that both ends thereof are in contact with the case 15. 
[0006] When the thermoelectric power generating 
timepiece 200 is worn on the arm of a user, the case 

so back 1 85 is warmed by body heat of the user, and the 
case 1 5 is cooled by the effect of an outside-air temper- 
ature. Hereupon, direct conduction of heat from thecase 
back 185 towards the case 15 is blocked by the heat 
insulating case 1 80 made of plastics and the like, so that 

55 the case back 185 is on a high temperature side while 
the case 1 5 is on a low temperature side. Since conduc- 
tion of heat from the case back 1 85 to the thermoelectric 
element 60 occurs via the lower protection sheet 62, and 
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conduction of heat from the case 1 5 to the thermoelec- 
tric element 60 occurs via the heat conduction sheet 50 
and the upper protection sheet 61, the underside face 
of the thermoelectric element 60 becomes a hot junction 
and the upper face thereof becomes a cold junction, so 
that the thermoelectric element 60 is provided with a dif- 
ference in temperature. The difference in temperature 
is converted into a voltage, and electric power is sup- 
plied to the movement 40, thereby activating the ther- 
moelectric power generating timepiece 200. 
[0007] In this connection, conversion of the difference 
in temperature, given to the thermoelectric element 60, 
into the voltage is attributable to the Seebeck effect of 
thermocouples incorporated in the thermoelectric ele- 
ment 60. Since the voltage obtained by the agency of 
the thermocouples is a function of the Seebeck coeffi- 
cient and the difference in temperature, it is necessary 
to provide the thermoelectric element 60 with as much 
difference in temperature as possible in order to in- 
crease the magnitude of a thermal electromotive force, 
thereby stably driving the thermoelectric power gener- 
ating timepiece 200. Accordingly, with the thermoelec- 
tric power generating timepiece 200, it is a very impor- 
tant factor to increase the difference in temperature be- 
tween the case back 1 85 and the case 15. 
[0008] A conceivable method of increasing the differ- 
ence in temperature within the thermoelectric power 
generating timepiece is to control conduction of heat 
from the case back 1 85 to the case 1 5 by reducing heat 
conduction through the heat insulating cases 180 as 
much as possible. Since an amount of heat conducted 
through a member is generally proportional to a value 
found by the formula (Q x S) / L where Q = thermal 
conductivity of the constituent material of the member, 
S = a sectional area of the member, and L = length of 
the member, reduction in the thermal conductivity of the 
constituent material will suffice for controlling conduc- 
tion of heat. 

[0009] Plastics having a low thermal conductivity is 
generally used as the constituent material of the heat 
insulating cases 180, however, material having a ther- 
mal conductivity lower than that of plastics, and yet suit- 
ed for construction of the heat insulating cases 1 80 has 
been unavailable. 

[0010] It is also conceivable to reduce the sectional 
area of the heat insulating cases 1 80 by narrowing down 
a width thereof, in a radial direction thereof. However, if 
the width of the heat insulating cases 1 80 made of plas- 
tics is narrowed down, this will raise a problem in respect 
of its strength, and further, the width thereof wider than 
a given size needs to be maintained so as to enable the 
case back 1 85 to be secured thereto with screws. A con- 
cept of reducing the sectional area of the heat insulating 
cases 180 is therefore not appropriate. 
[0011] Still further, it is conceivable to increase a 
length of the heat insulating cases 180, in the direction 
of the axis thereof. Even if the length of the heat insu- 
lating cases 1 80 is increased, however, a sufficient dis- 



tance needs to be provided between heat absorbing 
portions thereof, and heat radiating portions thereof, so 
that a distance between the heat conduction sheet 50 
and the case back 185 needs to be rendered longer, 

s whereupon the thickness of the thermoelectric power 
generating timepiece 200 in whole is excessively in- 
creased. In addition, the dimensions of the thermoelec- 
tric element 60 needs to be changed in proportion as 
the distance between the heat conduction sheet 50 and 

10 the case back 185 is increased. Such change in the di- 
mensions will result in change in the characteristics of 
the thermoelectric element 60 as well, rendering it im- 
possible to operate the thermoelectric element 60 in an 
optimum condition. 

15 [0012] Thus, with the conventional thermoelectric 
power generating timepiece 200, it has been difficult to 
improve the thermal electromotive force by introducing 
a new design idea to the construction of the heat insu- 
lating cases 1 80 such that the difference in temperature, 

20 given to the thermoelectric element 60, is increased. Ac- 
cordingly, in order to implement an increase in the ther- 
mal electromotive force, there has been no choice but 
to enlarge the timepiece in whole, thereby raising effi- 
ciency of heat radiation of the case 15. 

25 [0013] Meanwhile, in order to increase the difference 
in temperature, given to the thermoelectric element 60, 
it is also important to construct the thermoelectric power 
generating timepiece 200 such that an inner structure 
thereof is suited for enhancing heat conduction efficien- 

30 cy. An important precondition for enhancing the heat 
conduction efficiency is that the case back 185 and the 
thermoelectric element 60 are securely in contact with 
each other at the hot junction therebetween, and the 
case 1 5 and the thermoelectric element 60 are securely 

35 in contact with each other at the cold junction therebe- 
tween, thereby ensuring occurrence of heat conduction 
with small loss in heat. 

[001 4] Means for ensuring conduction of heat from a 
thermoelectric element to a case are disclosed in, for 

40 example, JP-2998088, B. The means represent a meth- 
od whereby a heat conductor is disposed on an upper 
face of a second heat conduction sheet in contact with 
a cold junction of a thermoelectric power generation unit 
comprising a thermoelectric element, and according to 

45 the method, there occurs a flow of heat conduction from 
the thermoelectric power generation unit to a case via 
the second heat conduction sheet and the heat conduc- 
tor, thereby enabling the case to fulfill the role of a heat 
radiation case. In this case, however, since the heatcon- 

so ductor is disposed so as to overlie the second heat con- 
duction plate, the thickness of a timepiece in whole is 
affected to the extent of the thickness of the heat con- 
ductor. 

[0015] Furthermore, because of an empty space ex- 
55 isting between a movement and the heat conductor, the 
thickness of the timepiece is increased to the extent of 
the empty space. In addition, this arrangement will not 
allow dissipation of heat through conduction thereof 
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from the heat conductor to the movement, thereby de- 
teriorating heat conduction efficiency. 
[0016] Thus, there has been recognized the need for 
introducing a novel design idea to the construction of a 
thermoelectric power generating timepiece such that 
heat conduction efficiency can be enhanced without 
causing adverse effects as much as possible on the ex- 
ternal appearance of a timepiece, such as the thickness 
thereof, and so forth. 

[0017] The present invention has been developed to 
solve the problems as described above, and an object 
of the invention is to provide a thermoelectric power gen- 
erating timepiece provided with a thermoelectric ele- 
ment as a power supply source, wherein a sufficient 
thermal electromotive force is obtained by securing a 
large difference in temperature, given to the thermoe- 
lectric element, without adversely affecting the external 
appearance of the timepiece in whole while keeping the 
thickness thereof substantially the same as that of the 
conventional thermoelectric power generating time- 
piece, thereby enhancing performances thereof. 

DISCLOSURE OF THE INVENTION 

[0018] A thermoelectric power generating timepiece 
according to the invention comprises a dial, a move- 
ment, and a heat conduction sheet, installed within a 
hermetically enclosed space, defined by a case made 
of metal with a glass fixedly attached thereto, and a case 
back, further comprising a thermoelectric element for 
serving as a power supply source of the movement, 
housed in a gap between the heat conduction sheet and 
the case back, wherein the case back is made of not 
less than two kinds of constituent materials each having 
a different thermal conductivity. 
[0019] With the thermoelectric power generating 
timepiece, efficient conduction of heat from the arm of 
a user to the thermoelectric element can occur by the 
agency of a constituent material of the case back, hav- 
ing a high thermal conductivity, while conduction of heat 
to the case made of metal can be blocked by the agency 
of a constituent material of the case back, having a low 
thermal conductivity, so that a large difference in tem- 
perature can be given to the thermoelectric element. 
[0020] Further, the case back preferably comprises a 
heat conducting part having a high thermal conductivity, 
formed in a shape larger in outer size than the thermo- 
electric element, and disposed opposite to the thermo- 
electric element, and a heat insulating part having a low 
thermal conductivity, formed so as to be disposed on the 
outside of the heat conducting part. 
[0021] The heat conducting part of the case back is 
preferably made of a metallic material, and the heat in- 
sulating part thereof is preferably made of plastics or 
ceramics. 

[0022] The case back may be formed of the metallic 
material and the plastics by the insert molding method. 
[0023] The case back may be formed by uniting the 



heat conducting part with the heat insulating part by se- 
curing both parts together with screws. 
[0024] The case back may be formed by uniting the 
heat conducting part with the heat insulating part by 

s screwing threaded grooves, cut in respective joining 
surfaces thereof, into each other. 
[0025] The heat insulating part of the case back is 
preferably made of plastics, and a butting surface part 
of the heat insulating part, facing the case, is preferably 

10 provided with an engagement part made of metal. 
[0026] Further, the heat insulating part of the case 
back is preferably provided with a sloped face gently 
slanting towards the outer periphery thereof. It is more 
preferable that the heat conducting part of the case back 

15 is provided with a collar extended in such a way as to 
shield the sloped face. 

[0027] Still further, the invention provides a thermoe- 
lectric power generating timepiece comprising a dial, 
and a movement, installed within a hermetically en- 
20 closed space, defined by a case made of metal with a 
glass fixedly attached thereto, and a case back, further 
comprising a thermoelectric element for serving as a 
power supply source of the movement, housed in a gap 
between the movement and the case back through the 
25 intermediary of an upper protection sheet and a lower 
protection sheet, in contact with the movement, and the 
case back, respectively, wherein a heat conduction 
sheet annular in shape, having an opening larger in size 
than the outside shape of the thermoelectric element, is 
30 disposed so as to be in contact with a face of the upper 
protection sheet, on the side in contact with the thermo- 
electric element, and so as to be sandwiched between 
the case and the case back. 
[0028] in the case of the thermoelectric power gener- 
35 ating timepiece described above, the heat conduction 
sheet is preferably made of a metallic material. 
[0029] Further, an elastic member is preferably dis- 
posed on at least not less than one spot between the 
lower protection sheet and the case back, between the 
40 upper protection sheet and the movement, between the 
case and the heat conduction sheet, and / or between 
the upper protection sheet and the heat conduction 
sheet. 

[0030] Or a spacer is preferably disposed between 
45 the upper protection sheet and the movement. 

[0031] In such a case, it is more preferable that a first 
elastic member is disposed between the lower protec- 
tion sheet and the case back, a second elastic member 
is disposed between the upper protection sheet and the 
50 movement, a third elastic member is disposed between 
the case and the heat conduction sheet, a fourth elastic 
member is disposed between the upper protection sheet 
and the heat conduction sheet, and the spacer is dis- 
posed between the upper protection sheet and the 
55 movement. 

[0032] In the abovementioned cases, the elastic 
member may be a compressible and heat conductive 
sheet having a high thermal conductivity. Also, the spac- 
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er is preferably made of a metallic material. 
[0033] Further, the Invention also provides a case 
back for a thermoelectric power generating timepiece, 
defining a hermetically enclosed space together with a 
case made of metal with a glass fixedly attached thereto, 5 
containing a dial, a movement, and a heat conduction 
sheet therein, further defining an enclosed space to- 
gether with the heat conduction sheet, for housing a 
thermoelectric element serving as a power supply 
source of the movement therein. The case back is made 10 
of not less than two kinds of constituent materials each 
having a different thermal conductivity. 
[0034] The case back for the thermoelectric power 
generating timepiece according to the invention prefer- 
ably comprises a heat conducting part having a high 15 
thermal conductivity, formed in a shape larger in outer 
size than the thermoelectric element, and disposed op- 
posite to the thermoelectric element, and a heat insulat- 
ing part having a low thermal conductivity, formed so as 
to be disposed on the outside of the heat conducting 20 
part. 

[0035] Further, the heat insulating part of the case 
back is preferably provided with a sloped face gently 
slanting towards the outer periphery thereof. 

25 

BRIEF DESCRIPTION OF DRAWINGS 
[0036] 

Fig. 1 is a sectional view showing the construction 30 
of a first embodiment of a thermoelectric power gen- 
erating timepiece according to the invention; 
Fig. 2 is a sectional view showing the construction 
of a case back for a thermoelectric power generat- 
ing timepiece, in a position inverted from that of the 35 
same in Fig. 1 ; 

Fig. 3 is a sectional view similar to Fig. 1 , showing 
the construction of the thermoelectric power gener- 
ating timepiece employing a case back different 
from that shown in Fig. 2; *o 
Fig. 4 is a partially expanded sectional view show- 
ing a variation of the case back for the thermoelec- 
tric power generating timepiece according to the in- 
vention; 

Fig. 5 is a sectional view similar to Fig. 1 , showing 45 
the construction of the thermoelectric power gener- 
ating timepiece employing case back different from 
that shown in Fig. 2; 

Fig. 6 is a sectional view showing the construction 
of a second embodiment of a thermoelectric power so 
generating timepiece according to the invention; 
Fig. 7 is a sectional view showing the construction 
of a third embodiment of a thermoelectric power 
generating timepiece according to the invention; 
Fig. 8 is a sectional view similar to Fig. 7, showing 55 
the construction of the thermoelectric power gener- 
ating timepiece employing a case back different 
from that shown in Fig. 7; 



Fig. 9 is a sectional view similar to Fig. 7, showing 
the construction of the thermoelectric power gener- 
ating timepiece employing another case back differ- 
ent from that shown in Fig. 7; 
Fig. 10 is a perspective view schematically showing 
a cut face of the sloped conical surface part of the 
case back, formed by cutting at midpoint thereof 
widthwise; 

Fig. 11 is an enlarged perspective view schemati- 
cally showing a thermoelectric element used in the 
thermoelectric power generating timepiece accord- 
ing to the invention; 

Fig. 1 2 is an expanded sectional view schematically 
showing the thermoelectric element with an upper 
protection sheet and a lower protection sheet, fix- 
edly attached thereto; 

Fig. 13 is a sectional view showing the construction 
of a fourth embodiment of a thermoelectric power 
generating timepiece according to the invention, 
omitting half thereof, on the left-hand side thereof; 
Fig. 14 is a sectional view similar to Fig. 13, showing 
a variation of the thermoelectric power generating 
timepiece employing an elastic member; 
Fig. 1 5 is a sectional view similar to Fig. 1 3, showing 
a variation of the thermoelectric power generating 
timepiece employing another elastic member; 
Fig, 1 6 is a sectional view similar to Fig. 1 3, showing 
a variation of the thermoelectric power generating 
timepiece employing still another elastic member; 
Fig. 1 7 is a sectional view similar to Fig. 1 3, showing 
a variation of the thermoelectric power generating 
timepiece employing yet another elastic member; 
Fig. 18 is a sectional view similar to Fig. 13, showing 
a variation of the fourth embodiment of the thermo- 
electric power generating timepiece according to 
the invention, employing a spacer; 
Fig. 1 9 is an expanded sectional view schematically 
showing a fixture frame in Fig. 13; and 
Fig. 20 is a sectional view showing the construction 
of a conventional thermoelectric power generating 
timepiece. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] Preferred embodiments of a thermoelectric 
power generating timepiece, and a case back therefor 
according to the invention will be described in detail 
hereinafter with reference to the accompanying draw- 
ings. In these figures, parts corresponding to those of 
the conventional thermoelectric power generating time- 
piece 200 shown in Fig. 20 are denoted by like reference 
numerals. 

First Embodiment: Figs. 1 to 5, Figs. 10 to 12 

[0038] Fig. 1 is a sectional view showing the construc- 
tion of a first embodiment of a thermoelectric power gen- 
erating timepiece, using a case back for the thermoe- 
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lectric power generating timepiece (referred to herein- 
after merely as a case back), according to the invention. 
The thermoelectric power generating timepiece 1 com- 
prises a dial 30, a movement 40, and a heat conduction 
sheet 50, installed within an air-tight main body of the 
timepiece, made up of a case 10 made of metal, with a 
glass 20 fixedly attached thereto, and a case back 70, 
further comprising a thermoelectric element 60 for serv- 
ing as a power supply source of the movement 40, 
housed in a gap between the heat conduction sheet 50 
and the case back 70. 

[0039] As shown in Fig. 11, the thermoelectric ele- 
ment 60 comprises a multitude of n-type rod-like ele- 
ments 63 each obtained by working a n-type semicon- 
ductor into a rod-like shape, and a multitude of p-type 
rod-like elements 64 each obtained by working a p-type 
semiconductor into a rod-like shape, wherein the re- 
spective n-type rod-like elements 63 as well as p-type 
rod-like elements 64 are bonded integrally with each 
other with an insulating resin layer 65 composed of an 
epoxy resin, interposed therebetween. The respective 
n-type rod-like elements 63 as well as p-type rod-like 
elements 64 are composed of a Bi-Te based alloy, and, 
as shown in Fig. 12, make up thermocouples with a con- 
ductive body 67 formed at respective opposite end faces 
thereof. 

[0040] The respective thermocouples are connected 
in series via the respective conductive body 67. The re- 
spective electro-conductors 67 are formed of nickel or 
gold, deposited by the vapor deposition method. The re- 
spective n-type rod-like elements 63 and p-type rod-like 
elements 64 are in the shape of a slender column with 
respective end faces, about 90 x 110 urn in size, and 
1500 urn in length. The thermoelectric element 60 has 
a volume about 7 mm x 7.5 mm x 1 .5 mm, and contains 
1240 thermocouples. 

[0041] With the thermoelectric element 60, an end 
face 55 on one side thereof serves as a cold junction, 
and an end face 56 on the opposite side thereof serves 
as a hot junction. An upper protection sheet 61 and a 
lower protection sheet 62 are bonded to the end face 55 
and the end face 56, respectively, with an adhesive layer 
69 composed of a silicone adhesive, interposed there- 
between, and the upper protection sheet 61 and the low- 
er protection sheet 62 are disposed so as to cross the 
respective n-type rod-like elements 63 and p-type rod- 
like elements 64 at right angles. Both the upper protec- 
tion sheet 61 and the lower protection sheet 62 are 
made up of an aluminum sheet having excellent thermal 
conductivity, with outer surfaces thereof, coated with 
Almite (trade name), so as to insulate the respective n- 
type rod-like elements 63 and p-type rod-like elements 
64 therefrom. 

[0042] For convenience in explanation given herein- 
after, a side of the movement 40 of the thermoelectric 
power generating timepiece 1 , closer to the glass 20, is 
designated as "an upper side", and aside thereof, closer 
to the case back 70, as "a lower side". 



[0043] As shown in Fig. 1 , the thermoelectric element 
60 is housed inside the thermoelectric power generating 
timepiece 1 such that the upper protection sheet 61 is 
kept in contact with the underside surface of the heat 
5 conduction sheet 50, and the lower protection sheet 62 
is kept in contact with the upper su rface of the case back 
70. 

[0044] The heat conduction sheet 50 is disposed un- 
derneath the movement 40 such that the peripheral part 
10 thereof is sandwiched between the case 10 and the 
case back 70, and is in contact with the case 10 directly 
or via a sheet member so as to enable heat conduction 
therebetween. The heat conduction sheet 50 is also in 
contact with the upper protection sheet 61 so as to en- 
's able heat conduction therewith, however, a heat con- 
ductive grease or a sheet member is preferably inter- 
posed therebetween to improve heat conduction. For 
the heat conduction sheet 50, material having excellent 
thermal conductivity is preferably used as with the case 
20 of the conventional thermoelectric power generating 
timepiece, and an aluminum sheet or a copper sheet is 
suitable for the purpose. 

[0045] The case back 70 is made of two kinds of ma- 
terials each having a thermal conductivity differing from 

25 that of the other. The case back 70 is made up of a heat 
conducting part 71 and a heat insulating part 72, and 
the heat conducting part 71 and the heat insulating part 
72 are joined integrally with each other by the insert 
molding method. 

30 [0046] The heat conducting part 71 is made of mate- 
rial having an excellent thermal conductivity, such as 
metal, and the like, and is formed in the shape of a thin 
disk larger in outer size than the thermoelectric element 
60, and slightly larger than the lower protection sheet 

35 62, so as to be disposed opposite to the thermoelectric 
element 60. 

[0047] The heat insulating part 72 is made of material 
having a low thermal conductivity such as plastics, and 
the like, and is formed so as to be disposed on the out- 

40 side of the heat conducting part 71 . As shown in Fig. 2, 
the heat insulating part 72 comprises an opening 72a 
defined in a shape corresponding to the heat conducting 
part 71 , in a central region thereof, and a holder part 72b 
for fixedly attaching the heat conducting part 71 thereto. 

45 The heat insulating part 72 further comprises a sloped 
conical surface part 72c gently slanting towards the out- 
er periphery of the heat insulating part 72, formed 
around the opening 72a, and a butting surface part 72d 
facing the case 10, formed in the peripheral region of 

50 the sloped conical surface part 72c. 

[0048] The case back 70 is fixedly attached to the 
case 10 by securing the butting surface part 72d to the 
case 10 with screws 90 with the heat conducting part 71 
kept in such a posture as it is protruded from the heat 

55 conduction sheet 50. The thermoelectric element 60 is 
disposed in an enclosed space formed between the 
case back 70 and the heat conduction sheet 50 so as 
to come into contact with the heat conducting part 71 
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and the heat conduction sheet 50 through the interme- 
diary of the lower protection sheet 62 and the upper pro- 
tection sheet 61, respectively. 
[0049] With the thermoelectric power generating 
timepiece 1 constructed as described above, conduc- 
tion of heat from the heat conduction sheet 50 to the 
case 10 occurs, and the case 10 is cooled down by the 
outside air, whereupon heat conducted thereto is radi- 
ated. Consequently, the upper protection sheet 61 is 
cooled down, and the end face of the thermoelectric el- 
ement 60, coming in contact therewith, acts as the cold 
junction. Meanwhile, when the thermoelectric power 
generating timepiece 1 is worn on the arm of a user, 
there occurs conduction of heat of the arm from the heat 
conducting part 71 of the case back 70 to the lower pro- 
tection sheet 62, thereby warming the lower protection 
sheet 62. Accordingly, the other end face of the thermo- 
electric element 60, coming in contact with the lower 
protection sheet 62, acts as the hot junction. 
[0050] However, since the heat insulating part 72 hav- 
ing the low thermal conductivity is formed around the 
heat conducting part 71 , conduction of heat of the arm 
from the heat conducting part 71 to the case 10 is 
blocked by the agency of the heat insulating part 72, and 
is inhibited, so that there hardly occurs conduction of 
heat of the arm from the heat conducting part 71 to the 
case 10 through the heat insulating part 72. 
[0051] Thus, the thermoelectric element 60 can main- 
tain a satisfactory difference in temperature because 
conduction of heat from the case back 70 to the case 
10 can be sufficiently controlled. With the satisfactory 
difference in temperature as maintained, a thermal elec- 
tromotive force sufficient for driving the movement 40, 
corresponding to the satisfactory difference in temper- 
ature, can be obtained from the thermoelectric element 
60. 

[0052] Furthermore, with the case back 70, the heat 
insulating part 72 is provided with the sloped conical sur- 
face part 72c while the heat conducting part 71 is held 
in a fixed position protruding from the heat conduction 
sheet 50. Accordingly, when the thermoelectric power 
generating timepiece 1 is worn on the arm, there is 
formed some spacing between the arm and the sloped 
conical surface part 72c even if the heat conducting part 
71 is in contact with the arm. It is therefore possible to 
prevent the heat insulating part 72 itself from being 
warmed up by heat of the arm. 
[0053] Further, the heat conducting part 71 of the case 
back 70 may be formed of material having a high thermal 
conductivity such as metal, and the like, and material in 
common use for timepieces, such as for example, stain- 
less steel, aluminum, titanium, brass, and copper, may 
be used for the heat conducting part 71 . The heat insu- 
lating part 72 may be formed of material having a low 
thermal conductivity, and besides plastics, use may be 
made of ceramics, glass, and so forth, having a thermal 
conductivity lower than that of the constituent material 
of the case back 70, such as metal, and the like. 



[0054] Now, using models, thermal insulation proper- 
ties in the case of the first embodiment of the thermoe- 
lectric power generating timepiece 1 according to the 
invention are hereinafter compared with those for the 
5 conventional thermoelectric power generating time- 
piece 200. 

[0055] It is assumed that the outer dimensions of both 
are the same, and as shown in Figs. 1 and 20, respec- 
tively, a diameter w is about 30 mm, and a thickness t 
10 of the main body is about 8 mm. Further, a wall thickness 
t1 of the case 1 0 as well as the case 1 5 is assumed to 
be about 3.5 mm. 

[0056] First, with the conventional thermoelectric 
power generating timepiece 200, assuming that a thick- 
15 ness w1 of the heat insulating cases 180, in the radial 
direction thereof, is 2 mm, a sectional area s thereof is 
found by the following formula: 

20 s = ji(1 5 2 - 1 3 2 ) = about 1 76 mm 2 

Further, assuming that a length b1 of the heat insulating 
cases 180, in the longitudinal axial direction thereof, is 
5 mm, a length thereof, contributing in effect to thermal 

25 insulation, is shorter than 5 mm, and is presumed to be 
on the order of 3 mm because not only an end face 1 80a 
of the heat insulating cases 1 80 but also a side face 
180b thereof are in contact with the case 15, thereby 
causing conduction of heat to the case 15 to occur from 

30 the side face 1 80b as well. 

[0057] Meanwhile, thermal conductivity of plastics be- 
ing on the order of 0.3 W / mK, with the case of the con- 
ventional thermoelectric power generating timepiece 
200, thermal conduction per 1°C at insulated parts 

35 thereof is found as follows: 

0.3 x 176 * 3 x 0.001 = about 0.018 W 

40 [0058] In contrast, with the thermoelectric power gen- 
erating timepiece 1 according to the invention, it is as- 
sumed that a thickness w2 of the case back 70, shown 
in Fig. 2, is 0.8 mm, and a diameter w3 of the heat con- 
ducting part 71 is 16 mm. Since the butting surface part 

45 72d is in direct contact with the case 1 0, consideration 
of the sloped conical surface part 72c contributing in ef- 
fect to thermal insulation will suffice for determining the 
thermal insulation properties of the case back 70. 
[0059] Since the wall thickness t1 of the case 10 is 

so about 3.5 mm as shown in Figs. 1 and 2, a width t2 of 
the sloped conical surface part 72c is about 3.5 mm. Ac- 
cordingly, if consideration is given to a cut face of the 
sloped conical surface part 72c as cut along line e - e in 
Fig. 2, at midpoint thereof widthwise, the cut face st is 

55 formed in the shape of an annular ring with a diameter 
w4 of about 16 + 3.5 = 1 9.5 mm, and a width w2 of about 
0.8 mm as shown in Fig. 10, so that an area of the cut 
face st. is 7txl9.5x0.8 = about 49 mm 2 . Accordingly, 
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thermal conduction per 1°C at insulated parts of the 
thermoelectric power generating timepiece 1 is found as 
follows: 

0.3 X 49 + 3.5 X 0.001 = about 0.004 W 

[0060] Thus, with the thermoelectric power generat- 
ing timepiece 1 according to the invention, an amount 
of heat conducted from the case back 70 to the case 1 0 
can be held down to not more than a half of that for the 
conventional thermoelectric power generating time- 
piece 200. Consequently, with the thermoelectric power 
generating timepiece 1 , the difference in temperature, 
given to the thermoelectric element 60, can be rendered 
greater than that in the case of the conventional ther- 
moelectric power generating timepiece. Further, a sim- 
ulation was conducted on the thermoelectric power gen- 
erating timepiece 1 and the thermoelectric power gen- 
erating timepiece 200, respectively, to calculate the dif- 
ference in temperature, given to the thermoelectric ele- 
ment 60, in respective cases, and results of such calcu- 
lation show that in contrast to the difference in temper- 
ature of about 1 .3°C for the conventional thermoelectric 
power generating timepiece 200, the difference in tem- 
perature for the thermoelectric power generating time- 
piece 1 according to the invention was about 2.0°C, in- 
dicating a drastic improvement. 

Variations on the Case back 

[0061] Subsequently, variations on the case back 70 
for the first embodiment are described hereinafter. With 
the case back 70 described above, the heat conducting 
part 71 is formed integrally with the heat insulating part 
72 by the insert molding method, however, if it is difficult 
to perform insert-molding, the heat conducting part 71 
may be united with the heat insulating part 72 by secur- 
ing both parts together with screws 78 as shown in Fig. 
3. Even with a case back 70 formed as described above, 
it is possible to obtain an operational effect equivalent 
to that for the case where the both parts are joined to- 
gether by the insert molding method. In the case of join- 
ing the heat conducting part 71 and the heat insulating 
part 72 together with the screws 78 as in the case of this 
case back 70 described, however, packings are prefer- 
ably interposed between the heat conducting part 71 
and the heat insulating part 72 from the viewpoint of en- 
hancing waterproof ness. If waterproofness is not highly 
required, joining surfaces of the heat conducting part 71 
and the heat insulating part 72 may be simply bonded 
to each other. 

[0062] Also, as shown in Fig. 4, threaded grooves 
74a, 74b may be cut in the respective joining surfaces 
of the heat conducting part 71 and the heat insulating 
part 72, and the heat conducting part 71 may be united 
with the heat insulating part 72 by screwing the threaded 
grooves 74a, 74b into each other. 



[0063] Further, as shown in Fig. 5, the case back 70 
may be fixedly attached to the case 1 0 with an engage- 
ment part 79 made of metal, providing on the butting 
surface part 72d of the heat insulating part 72. 

5 [0064] The case back 70 shown in Fig. 1 is fixedly at- 
tached to the case 1 0 by use of the screws 90. The heat 
insulating part 72 is formed of material having a low ther- 
mal conductivity such as plastics, and in contrast, the 
case 1 0 is formed of metal. Accordingly, if both parts are 

10 provided with an engagement part, respectively, and the 
respective engagement parts are fitted to each other, 
this will cause no problem in respect of the performance 
of the timepiece , but is presumed to pose a difficulty with 
strength. Nevertheless, taking into consideration easi- 

15 ness with which assembling can be performed, easi- 
ness with which maintenance work can be performed, 
and so forth , it is regarded appropriate means for fixedly 
attaching the case back 70 to the case 10 to fit the re- 
spective engagement parts to each other. 

20 [0065] Accordingly, the butting surface part 72d of the 
heat insulating part 72, facing the case 1 0, is preferably 
provided with the engagement part 79 made of metal, 
so that the engagement part 79 is fitted to an engage- 
ment part provided in the case 1 0, thereby fixedly at- 

25 taching the case back 70 to the case 1 0. By so doing, 
opening / closing with the case back 70 is rendered eas- 
ier, so that the assembling of the thermoelectric power 
generating timepiece 1 becomes simple, and easiness 
with which the maintenance work is performed can be 

30 enhanced. 

[0066] The engagement part 79 may be provided by 
bonding the same to the butting surface part 72d of the 
heat insulating part 72, but may be formed integrally with 
the heat insulating part 72 by the insert molding method. 

35 Otherwise, the engagement part 79 may be provided by 
securing the same to the butting surface part 72d with 
screws. The case back 70 provided with the engage- 
ment part 79 comprises the heat conducting part 71 , the 
heat insulating part 72, and the engagement part 79, so 

40 that the case back 70 is made of not less than two kinds 
(three kinds) of constituent materials, each having a dif- 
ferent thermal conductivity. 

[0067] Even without providing the engagement part 
79, if the heat insulating part 72 is formed of material 

45 having a low thermal conductivity such as plastics, 
blended with glass fiber, it follows that the case back 70 
can be made of not less than two kinds (three kinds) of 
constituent materials, each having a different thermal 
conductivity, and furthermore, the strength of the case 

50 back 70 also can be enhanced. 

Second Embodiment: Fig. 6 

[0068] Subsequently, a second embodiment of a ther- 
55 moelectric power generating timepiece, and a case 
back for the thermoelectric power generating timepiece, 
according to the invention, are described hereinafter. 
Fig. 6 is a sectional view showing the construction of the 
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thermoelectric power generating timepiece. The ther- 
moelectric power generating timepiece 2 differs from the 
thermoelectric power generating timepiece 1 according 
to the first embodiment of the invention only in respect 
of a case back 75 for the thermoelectric power generat- 
ing timepiece (referred to hereinafter merely as a case 
back), and is the same as the thermoelectric power gen- 
erating timepiece 1 in other respects. Accordingly, de- 
scription given hereinafter centers around points of dif- 
ference, omitting or simplifying description of points in 
common to both. 

[0069] The thermoelectric power generating time- 
piece 2 has a construction enabling a thermoelectric el- 
ement 60 to be efficiently provided with a difference in 
temperature even under a variety of timepiece-carrying 
conditions, taking into consideration a possibility that 
conditions in which the timepiece is worn on the arm of 
a userto be carried will vary depending on the user, such 
as, for example, a case of a user wearing the timepiece 
with some allowance given for the thickness of the arm 
of the user, a case of a user wearing the timepiece in 
such a way as to snugly fit to the thickness of the arm 
of the user, and so forth. 

[0070] The case back 75 of the thermoelectric power 
generating timepiece 2 differs from the case back 70 of 
the thermoelectric power generating timepiece 1 ac- 
cording to the first embodiment in that a heat conducting 
part 73 is provided in place of the heat conducting part 
71 of the case back 70. The heat conducting part 73 
comprises a disk part 73a slightly larger in diameter than 
a lower protection sheet 62, and a collar 76 annular in 
shape, extending in a planar direction in such a way as 
to shield a sloped conical surface part 72c. 
[0071] When the thermoelectric power generating 
timepiece 2 is worn on the arm of a user, there is ob- 
tained the following operational effect differing from that 
for the thermoelectric power generating timepiece 1 . In 
some cases, the thermoelectric power generating time- 
piece 2 is shifted along the surface of the arm of a user, 
corresponding to various angles at which the arm wear- 
ing the thermoelectric power generating timepiece 2 is, 
for example, bent. Then, in the case of the thermoelec- 
tric power generating timepiece 1 which is not provided 
with the collar 76, there is a risk of the arm coming in 
contact with a heat insulating part 72, whereupon tem- 
perature on the surface of the arm is transferred to the 
heat insulating part 72. 

[0072] However, if the case back 75 is provided with 
the collar 76 as in the case of the thermoelectric power 
generating timepiece 2, since the collar 76 is disposed 
between the heat insulating part 72 and the surface of 
the arm in such a way as to shield the heat insulating 
part 72, the risk of the arm coming into contact with the 
heat insulating part 72 is eliminated even when a pos- 
ture of the thermoelectric power generating timepiece 2 
changes, so that there always exists a clearance be- 
tween the arm and the heat insulating part 72. Thus, 
conduction of heat from the arm to a case 1 0 is blocked, 



thereby enhancing thermal insulation efficiency. 
[0073] The collar 76 shown in Fig. 6 extends in the 
planardirectionfromthediskpart73a, but may be slight- 
ly inclined along the heat insulating part 72. Such con- 
5 figuration is preferable because a clearance between 
the collar 76 and the heat insulating part 72 is narrowed 
down, thereby rendering the clearance less susceptible 
to intrusion of dust, dirt, and so forth. 

10 Third Embodiment: Figs. 7 to 9 

[0074] Subsequently, athird embodiment of a thermo- 
electric power generating timepiece, and a case back 
for the thermoelectric power generating timepiece, ac- 

15 cording to the invention, are described hereinafter. Fig. 
7 is a sectional view showing the construction of the 
thermoelectric power generating timepiece. The ther- 
moelectric power generating timepiece 3 differs from the 
thermoelectric power generating timepiece 1 according 

20 to the first embodiment of the invention only in respect 
of a case back 85 for the thermoelectric power generat- 
ing timepiece (referred to hereinafter merely as a case 
back), and is the same as the thermoelectric power gen- 
erating timepiece 1 in other respects. Accordingly, de- 

25 scription given hereinafter centers around points of dif- 
ference, omitting or simplifying description of points in 
common to both. 

[0075] The case back 70 according to the first embod- 
iment is made up of the heat conducting part 71 and the 

30 heat insulating part 72, and the heat insulating part 72 
is provided with the sloped conical surface part 72c, 
however, a case back 85 according to the third embod- 
iment is made up of the same heat conducting part 71 
as that of the case back 70, and a heat insulating part 

35 82 differing from the heat insulating part 72. The heat 
conducting part 71 and the heat insulating part 82 are 
made of respective constituent materials, each having 
a thermal conductivity differing from that of the other. 
The heat insulating part 82 is comprised of an opening 

40 82a in a shape corresponding to the heat conducting 
part 71 , an annular flat part 82b formed around the open- 
ing 82a, a stepped part 82c formed around the annular 
flat part 82b, and a butting surface part 82d facing a case 
10, formed around the stepped part 82c. 

45 [0076] The case back 85 is fixedly attached to the 
case 10 by securing the butting surface part 82d to the 
case 1 0 with screws 90 while keeping the heat conduct- 
ing part 71 and the annular flat part 82b in a posture 
protruding from a heat conduction sheet 50. 

50 [0077] With the thermoelectric power generating 
timepiece 3 according to the third embodiment, the heat 
insulating part 82 having a low thermal conductivity is 
formed around the heat conducting part 71 as with the 
case of the thermoelectric power generating timepiece 

55 1 .according to the first embodiment, so that conduction 
of heat of the arm of a user to the case 10 is inhibited. 
Consequently, there hardly occurs conduction of heat of 
the arm from the heat conducting part 71 to the case 1 0 
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through the heat insulating part 82. 
[0078] However, since the annuiar flat part 82b of the 
heat insulating part 82 as well as the heat conducting 
part 71 is held in a fixed position protruding from the 
heat conduction sheet 50, there is a possibility of the 
arm coming into contact with the annular flat part 82b. 
Nevertheless, there hardly occurs conduction of heat of 
the arm to the case 1 0 because the annular fiat part 82b 
is formed of material having a low thermal conductivity 
such as plasties, and the like. Accordingly, with the ther- 
moelectric power generating timepiece 3 as well, an op- 
erational effect equivalent to that for the thermoelectric 
power generating timepiece 1 can be obtained, thereby 
enabling a thermoelectric element 60 to be provided 
with a sufficient difference in temperature. 
[0079] Further, with the case back 85 as well, the heat 
conducting part 71 and the heat insulating part 82 may 
be formed integrally with each other not only by the in- 
sert molding method as with the case of the case back 
70, but also be united with each other by securing both 
parts together with screws 78 as shown in Fig. 8. 
[0080] Also, as shown in Fig. 9, the case back 85 may 
be fixedly attached to the case 10 with an engagement 
part 79 made of metal, provided on the butting surface 
part 82d of the heat insulating part 82. In either case, an 
operational effect equivalent to that for the thermoelec- 
tric power generating timepiece 1 according to the first 
embodiment can be obtained. 

Fourth Embodiment: Figs. 13 to 19 

[0081] Subsequently, a fourth embodiment of a ther- 
moelectric power generating timepiece, and a case 
back for the thermoelectric power generating timepiece, 
according to the invention, are described hereinafter. 
Fig. 13 is a sectional view showing the construction of 
the thermoelectric power generating timepiece. In the 
figures, only half of the thermoelectric power generating 
timepiece 4, on the right-hand side thereof, is shown for 
convenience in illustration, omitting half thereof, on the 
left-hand side thereof, however, the thermoelectric pow- 
er generating timepiece 4 has a construction symmetri- 
cal from side to side with respect to an axis v. 
[0082] The thermoelectric power generating time- 
piece 4 comprises a dial 30, a movement 40, hands 44 
comprised of the second hand, minute hand, and hour 
hand, a heat conduction sheet 51 , and a thermoelectric 
element 60, which are installed within an air-tight main 
body of the timepiece, made up of a case 1 0 , with a glass 
20 fixedly attached thereto, and a case back 95, render- 
ing the construction thereof more adaptable to enhance- 
ment of heat conduction efficiency inside the timepiece 
than that of the thermoelectric power generating time- 
piece 1 according to the first embodiment. 
[0083] As with the thermoelectric element 60 for the 
thermoelectric power generating timepiece 1 according 
to the first embodiment, an upper protection sheet 61 
and a lower protection sheet 62 are bonded to an end 



face 55 and an end face 56 of the thermoelectric ele- 
ment 60 according to this embodiment, respectively, 
with an adhesive layer 69 composed of a silicone adhe- 
sive interposed therebetween as shown in Fig. 12, and 

5 the thermoelectric element 60 is housed inside the ther- 
moelectric power generating timepiece 4 so as to be in 
contact with the movement 40 and the case back 95 
through the intermediary of the upper protection sheet 
61 and the lower protection sheet 62, respectively. 

10 [0084] The case back 95 comprises a heat absorbing 
part 93 for absorbing body heat of a user upon the same 
coming in contact with the arm of the user when the ther- 
moelectric power generating timepiece 4 is worn by the 
user, and a heat insulating part 94 for blocking conduc- 
es tion of heat absorbed from the heat absorbing part 93. 
The heat absorbing part 93 is preferably formed of metal 
having a high thermal conductivity, and in the case of 
this embodiment, stainless steel is in use. Further, it is 
preferable that the heat absorbing part 93 and the lower 

20 protection sheet 62 are securely joined together through 
the intermediary of materia! having a high thermal con- 
ductivity. For the material, use may be made of, for ex- 
ample, heat conductive grease. 
[0085] On the other hand, for the heat insulating part 

25 94, use is made of material capable of blocking conduc- 
tion of heat absorbed from the heat absorbing part 93 
to the case 1 0, and use is preferably made of, for exam- 
ple, plastics such as ABS (acrylonitrile-butadiene-sty- 
rene copolymer), polycarbonate, and so forth. 

30 [0086] Butting surfaces of the heat absorbing part 93 
and the heat insulating part 94 are provided with thread- 
ed grooves (not shown in the figure) cut therein, respec- 
tively, and are joined together by screwing the respec- 
tive threaded grooves into each other. Further, an adhe- 

35 sive layer 96 made of an epoxy resin based adhesive is 
provided between the heat absorbing part 93 and the 
heat insulating part 94 in order to increase strength at a 
bonded face therebetween. 

[0087] The heat conduction sheet 51 is formed in an 
40 annular shape, having an opening 51a larger in size 
than the outside shape of the thermoelectric element 60, 
and a width thereof wider than a width of the heat insu- 
lating part 94, and is made of metal having a high ther- 
mal conductivity, for example, stainless steel. The heat 
45 conduction sheet 51 is disposed so as to be sandwiched 
between the case 1 0 and the heat insulating part 94 with 
packings a, b, Interposed therebetween, respectively, 
such that the thermoelectric element 60 is positioned in- 
side the opening 51 a, and an edge portion 51c thereof, 
so jn a radial direction, on the innermost side thereof, is 
brought into contact with a face 61a of the upper protec- 
tion sheet 61 , on the side in contact with the thermoe- 
lectric element 60. 

[0088] Further, the heat insulating part 94 is provided 
55 with screw holes defined therein, and is fixed integrally 
to the heat conduction sheet 51 and the case 10, both 
being provided with the same screw holes defined there- 
in, respectively, with screws 91 , thereby completing as- 
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sembling. At this point in time, waterproof effects can be 
obtained as a result of compression to which the pack- 
ings a, b are compressed. 

[0089] As shown in Fig. 19, the movement 40 is se- 
curely attached to a fixture frame 1 9 made of plastics by 5 
securing an edge part 40a thereof to the fixture frame 
19. In the fixture frame 19, a slit 19a and a protrusion 
19b are formed. The fixture frame 19 has a function of 
causing the case 10 and the upper protection sheet 61 
to come into contact with the heat conduction sheet 51 
with reliability due to suitable deformation which the slit 
19a and the protrusion 19b undergo when the fixture 
frame 1 9 is pushed by the heat conduction sheet 51 up- 
on attaching the heat insulating part 94 to the case 10. 
Further, the movement 40 has protruded parts such as 
a spring, coil, and so forth, on the side thereof, facing a 
cold junction of the thermoelectric element 60, however, 
holes corresponding thereto are defined in the upper 
protection sheet 61 , thereby preventing the protruded 
parts from impinging upon the upper protection sheet 
61. 

[0090] With the thermoelectric power generating 
timepiece 4 constructed as above, the end face 55 
shown in Fig. 12, in contact with the upper protection 
sheet 61 , acts as the cold junction, and the end face 56, 
in contact with the lower protection sheet 62, acts as a 
hot junction, thereby providing the thermoelectric ele- 
ment 60 with a difference in temperature. 
[0091] Now, if the heat conduction sheet 50 is dis- 
posed such that the heat conduction sheet 50 is overlaid 
on the upper protection sheet 61 so as to come into con- 
tact with the upper protection sheet 61 from the upper 
side thereof, and heat is caused to be conducted from 
the heat conduction sheet 50 to the case 10 as in the 
case of the thermoelectric power generating timepiece 
1 , it is difficult to reduce the size of the thermoelectric 
power generating timepiece 1 because the thickness of 
the thermoelectric power generating timepiece 1 in 
whole comes to include the thickness of the upper pro- 
tection sheet 61 , the heat conduction sheet 50, and the 
case 1 0, respectively. 

[0092] In contrast, with the thermoelectric power gen- 
erating timepiece 4, since the heat conduction sheet 51 
is disposed such that the thermoelectric element 60 is 
positioned inside the opening 51a thereof, and the edge 
portion 51c thereof comes into contact with the upper 
protection sheet 61 from the underside thereof, this is 
not a case where the upper protection sheet 61 is over- 
laid on top of the heat conduction sheet 51 , resulting in 
an increase in thickness, and affecting the thickness of 
the timepiece in whole. In addition, this construction en- 
sures conduction of heat from the upper protection 
sheet 61 to the case 10 via the heat conduction sheet 
51 , and consequently, heat radiation through the case 
1 0 can be executed efficiently. 
[0093] With such a construction comprised of a plu- 
rality of components in contact with each other as that 
for the thermoelectric power generating timepiece 4, 



however, it is important to adjust variations in dimen- 
sions, occurring to the respective components. This is 
because, in order to enhance heat conduction efficiency 
inside the timepiece, it is necessary for the respective 
components from the case back 95 absorbing body heat 
up to the case 1 0 dissipating the body heat to come in 
contact with each other with reliability, thereby effective- 
ly executing exchange of heat between the respective 
components. Further, since use is often made of metallic 
materials having high thermal conductivity for compo- 
nents in a sheet-like shape, there is a possibility of oc- 
currence of problems such as warpage, and so forth. 
Accordingly, with the thermoelectric power generating 
timepiece 4, an elastic member is preferably disposed 
where necessary as follows, so that contact between the 
respective components is ensured by absorbing the var- 
iations in the dimensions. 

[0094] That is, as in the case of a thermoelectric pow- 
er generating timepiece 4 shown in Fig. 14, an elastic 
member 25 which is a first elastic member is preferably 
disposed between a heat absorbing part 93 of a case 
back 95 and a lower protection sheet 62. 
[0095] The elastic member 25 is a sheet-like member 
formed in a shape corresponding to the lower protection 
sheet 62, having a high thermal conductivity with excel- 
lent conduction of heat, and is made up of a compress- 
ible and heat conductive sheet As a constituent material 
thereof, use is preferably made of silicone resin. For ex- 
ample, a silicone resin sheet manufactured by Shin-Et- 
su Chemical Co., Ltd. can be used. 
[0096] Since the elastic member 25 is formed in a 
compressible sheet-like shape, the same disposed be- 
tween the heat absorbing part 93 and the lower protec- 
tion sheet 62 is compressed by the lower protection 
sheet 62 and the case back 95 when fixedly attaching 
the case back 95 to a case 10, thereby undergoing de- 
formation. As a result, even if there exist variations in 
the dimensions of a thermoelectric element 60 and other 
components, such variations are absorbed, and even if 
warpage occurs to sheet-like members, such warpage 
is absorbed, so that contact between an upper protec- 
tion sheet 61 and a heat conduction sheet 51 as well as 
contact between the heat conduction sheet 51 and the 
case 10 is ensured. 

[0097] Consequently, excellent conduction of heat 
from the upper protection sheet 61 to the case 10 via 
the heat conduction sheet 51 occurs, and radiation of 
heat through the case 10 can be efficiently executed. 
Further, since the elastic member 25 has a high thermal 
conductivity causing excellent conduction of heat, body 
heat of a user, absorbed from the heat absorbing part 
93, is effectively transferred to the lower protection 
sheet 62 by disposing the elastic member 25 between 
the heat absorbing part 93 and the lower protection 
sheet 62. Thus, a difference in temperature, given to the 
thermoelectric element 60, can be enhanced. 
[0098] Further, as in the case of a thermoelectric pow- 
er generating timepiece 4 shown in Fig. 15, an elastic 
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member 26 which is a second elastic member is prefer- 
ably disposed between a movement 40 and an upper 
protection sheet 61 . 

[0099] The elastic member 26 is formed of the same 
constituent material as that for the elastic member 25, 
but differs from the latter in that the elastic member 26 
is formed in a shape corresponding to the upper protec- 
tion sheet 61 . The elastic member 26 disposed between 
the movement 40 and the upper protection sheet 61 is 
compressed by the movement 40 and the upper protec- 
tion sheet 61 when fixedly attaching a case back 95 to 
a case 10. As a result, even if there exist variations in 
the dimensions of a thermoelectric element 60 and other 
components, such variations are absorbed, thereby en- 
suring the contact between the upper protection sheet 
61 and a heat conduction sheet 51 as well as the contact 
between the heat conduction sheet 51 and the case 1 0. 
Consequently, excellent conduction of heat from the up- 
per protection sheet 61 to the case 1 0 via the heat con- 
duction sheet 51 occurs, and radiation of heat through 
the case 1 0 can be efficiently executed. With the elastic 
member 26 disposed as above, the variation in the di- 
mensions, in the direction of thickness, can be adjusted, 
and respective contacts among the movement 40, the 
elastic member 26, and the upper protection sheet 61 
are improved, so that excellent conduction of heat is ef- 
fected, and radiation of heat from the movement 40 can 
be efficiently executed without loss. 
[0100] Further, although the elastic member 26 is in 
contact with the underside face of the movement 40, 
protruded parts (not shown) of the movement 40, such 
as a spring and a coil, are prevented from impinging up- 
on the elastic member26 and the upper protection sheet 
61 because holes are defined in parts of the elastic 
member 26 and the upper protection sheet 61 . 
[0101] Still further, as in the case of a thermoelectric 
power generating timepiece 4 shown in Fig. 1 6, an elas- 
tic member 27 which is a third elastic member may be 
disposed between a case 10 and a heat conduction 
sheet 51 . 

[0102] The elastic member 27 is formed of the same 
constituent material as that for the elastic member 25, 
but differs from the latter in that the elastic member 27 
is formed in an annular shape having an opening larger 
than an opening 51a of the heat conduction sheet 51. 
The elastic member 27 disposed between the case 10 
and the heat conduction sheet 51 as described above 
is compressed by the case 1 0 and the heat conduction 
sheet 51 when fixedly attaching a case back 95 to the 
case 10. As a result, even if there exist variations in the 
dimensions of a thermoelectric element 60 and other 
components, such variations are absorbed, thereby en- 
suring the contact between an upper protection sheet 
61 and the heat conduction sheet 51 as well as the con- 
tact between the heat conduction sheet 51 and the case 
10. Consequently, excellent conduction of heat from the 
upper protection sheet 61 to the case 10 via the heat 
conduction sheet 51 occurs, and radiation of heat 



through the case 10 can be efficiently executed. 
[0103] Yet further, as in the case of a thermoelectric 
power generating timepiece 4 shown in Fig. 1 7, an elas- 
tic member 28 which is a fourth elastic member may be 
5 disposed between an upper protection sheet 61 and a 
heat conduction sheet 51 . 

[0104] The elastic member 28 is formed of the same 
constituent material as that for the elastic member 25, 
but differs from the latter in that the elastic member 28 

10 is formed in an annular shape corresponding to the 
shape of an edge portion 51c of the heat conduction 
sheet 51 , having an opening in size corresponding to an 
opening 51a of the heat conduction sheet 51 . 
[01 05] The elastic member 28 disposed between the 

15 upper protection sheet 61 and the heat conduction sheet 
51 as described above is compressed by the upper pro- 
tection sheet 61 and the heat conduction sheet 51 when 
fixedly attaching a case back 95 to a case 1 0. As a result, 
even if there exist variations in the dimensions of a ther- 

20 moelectric element 60 and other components, such var- 
iations are absorbed, thereby ensuring contact between 
the upper protection sheet 61 and the heat conduction 
sheet 51 as well as contact between the heat conduction 
sheet 51 and the case 1 0. Consequently, excellent con- 

25 duction of heat from the upper protection sheet 61 to the 
case 10 via the heat conduction sheet 51 occurs, and 
radiation of heat through the case 10 can be efficiently 
executed. 

[01 06] Furthermore, as in the case of a thermoelectric 
30 power generating timepiece 4 shown in Fig. 18, a spacer 
29 may be disposed between an upper protection sheet 
61 and a movement 40. 

[0107] The spacer 29 is formed in a thin disk-like 
shape in size corresponding to the upper protection 

35 sheet 61 , and is made of a metallic material having a 
high thermal conductivity. As a constituent material of 
the spacer 29, use is preferably made of, for example, 
stainless steel from the viewpoint of excellent formabil- 
ity. The spacer 29 disposed between the movement 40 

40 and the upper protection sheet 61 as described above 
improves contact between the movement 40 and the up- 
per protection sheet 61 , and heat conduction efficiency 
is enhanced, thereby effecting efficient radiation of heat 
from the movement 40. 

45 [0108] Further, the spacer 29 is provided with holes 
defined in shape corresponding to protruded parts of the 
movement 40, such as a pin, a spring, a coil, and so 
forth, thus preventing the protruded parts from imping- 
ing thereupon. 

50 [0109] As shown in Figs. 1 4 to 1 8, the respective ther- 
moelectric power generating timepieces 4 described 
hereinbefore are provided with any one selected from 
the group consisting of the first to fourth elastic members 
25 to 28, and the spacer 29. Instead, at least not less 

55 than two members among the group of the elastic mem- 
bers 25 to 28 and the spacer 29 may be disposed in 
combination with each other In such a case, respective 
operational effects of the elastic members 25 to 28 and 
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the spacer 29 are synergistically exhibited, thereby en- 
abling conduction of heat absorbed from the heat ab- 
sorbing part 93 to the thermoelectric element 60, and 
radiation of heat from the thermoelectric element 60 to 
the case 1 0 to be more efficiently executed. Accordingly, 
the thermoelectric element 60 will be provided with a 
greater difference in temperature. 

INDUSTRIAL APPLICABILITY 

[0110] The thermoelectric power generating time- 
piece and the case back for the thermoelectric power 
generating timepiece, according to the invention, has an 
advantageous effect of dramatically increasing a differ- 
ence in temperature, given to the thermoelectric ele- 
ment, because of improvement in thermal insulation 
properties of the case back over that for the convention- 
al thermoelectric power generating timepiece. Since an 
output of the thermoelectric element increases in pro- 
portion to the square of the difference In temperature 
between the opposite ends thereof, the thermoelectric 
power generating timepiece according to the invention 
comes to have a very high energy efficiency. According- 
ly, not only normal driving of the timepiece can be exe- 
cuted with ease but also excess energy, not used in driv- 
ing, can be increased, enabling such increased energy 
to be stored in a secondary cell, and so forth. As a result, 
it becomes possible to drive the timepiece for longer 
time in case of no carrying even for the same length of 
carrying time as that for the conventional thermoelectric 
power generating timepiece. 
[0111] Further, since an increase in the difference in 
temperature results in an increase in an amount of elec- 
tric power generated per unit of a surface area of the 
thermoelectric element, a thermal electromotive force 
as required can be secured even if the surface area of 
the thermoelectric element is reduced, so that the time- 
piece in whole can be reduced in size, enabling the cost 
of the thermoelectric element to be cut down. 
[0112] Still further, by disposing the heat conduction 
sheet so as to be sandwiched between the case and the 
case back, internal heat conduction efficiency can be 
enhanced without affecting the external appearance of 
the timepiece in whole, thereby enabling the difference 
in temperature between the opposite ends of the ther- 
moelectric element to be further increased. In addition, 
by disposing the elastic members or the spacer at vari- 
ous spots inside the timepiece, contact between the re- 
spective components can be ensured, and heat conduc- 
tion therebetween can be effected without loss, thereby 
further increasing the difference in temperature, given 
to the thermoelectric element. 



Claims 

1 . A thermoelectric power generating timepiece com- 
prising a dial, a movement, and a heat conduction 



sheet, installed within a hermetically enclosed 
space, defined by a case made of metal with a glass 
fixedly attached thereto, and a case back, further 
comprising a thermoelectric element for serving as 
5 a power supply source of said movement, housed 
in a gap between the heat conduction sheet and 
said case back, wherein said case back is made of 
not less than two kinds of constituent materials each 
having a different thermal conductivity. 

10 

2. A thermoelectric power generating timepiece ac- 
cording to Claim 1 , wherein said case back com- 
prises a heat conducting part having a high thermal 
conductivity, formed in a shape larger in outer size 

'5 than the thermoelectric element, and disposed op- 
posite to the thermoelectric element, and a heat in- 
sulating part having a low thermal conductivity, 
formed so as to be disposed on the outside of the 
heat conducting part. 

20 

3. A thermoelectric power generating timepiece ac- 
cording to Claim 2, wherein said heat conducting 
part of said case back is made of a metallic material, 
and the heat insulating part thereof is made of plas- 
ms tics or ceramics. 

4. A thermoelectric power generating timepiece ac- 
cording to Claim 3, wherein said case back is 
formed of the metallic material and the plastics by 

30 the insert molding method. 

5. A thermoelectric power generating timepiece ac- 
cording to Claim 3, wherein said case back is 
formed by uniting said heat conducting part with 

35 said heat insulating part by securing both parts to- 
gether with screws. 

6. A thermoelectric power generating timepiece ac- 
cording to Claim 3, wherein said case back is 

40 formed by uniting said heat conducting part with the 
heat insulating part by screwing threaded grooves, 
cut in respective joining surfaces thereof, into each 
other. 

45 7. a thermoelectric power generating timepiece ac- 
cording to Claim 3, wherein said heat insulating part 
of the case back is made of plastics, and a butting 
surface part of the heat insulating part, facing said 
case, is provided with an engagement part made of 

so metal. 

8. A thermoelectric power generating timepiece ac- 
cording to Claim 2, wherein the heat insulating part 
of said case back is provided with a sloped face 

55 gently slanting towards the outer periphery thereof. 

9. A thermoelectric power generating timepiece ac- 
cording to Claim 3, wherein the heat insulating part 
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of said case back is provided with a sloped face 
gently slanting towards the outer periphery thereof. 

10. A thermoelectric power generating timepiece ac- 
cording to Claim 8, wherein the heat conducting part 
of said case back is provided with a collar extended 
in such a way as to shield the sloped face. 

11. A thermoelectric power generating timepiece ac- 
cording to Claim 9, wherein the heat conducting part 
of said case back is provided with a collar extended 
in such a way as to shield the sloped face. 

12. A thermoelectric power generating timepiece com- 
prising a dial, and a movement, installed within a 
hermetically enclosed space, defined by a case 
made of metal with a glass fixedly attached thereto, 
and a case back, further comprising a thermoelec- 
tric element for serving as a power supply source 
of the movement, housed in a gap between the 
movement and said case back through the interme- 
diary of an upper protection sheet and a lower pro- 
tection sheet, in contact with the movement, and the 
case back, respectively, wherein a heat conduction 
sheet annular in shape, having an opening larger in 
size than the outside shape of said thermoelectric 
element, is disposed so as to be in contact with a 
face of the upper protection sheet, on the side in 
contact with the thermoelectric element, and so as 
to be sandwiched between the case and said case 
back. 

13. A thermoelectric power generating timepiece ac- 
cording to Claim 12, wherein said heat conduction 
sheet is made of a metallic material. 

14. A thermoelectric power generating timepiece ac- 
cording to Claim 12, wherein an elastic member is 
disposed between said lower protection sheet and 
said case back. 

15. A thermoelectric power generating timepiece ac- 
cording to Claim 12, wherein an elastic member is 
disposed between said upper protection sheet and 
said movement. 

16. A thermoelectric power generating timepiece ac- 
cording to Claim 12, wherein an elastic member is 
disposed between said case and said heat conduc- 
tion sheet. 

17. A thermoelectric power generating timepiece ac- 
cording to Claim 12, wherein an elastic member is 
disposed between said upper protection sheet and 
said heat conduction sheet. 

18. A thermoelectric power generating timepiece ac- 
cording to Claim 12, wherein a spacer is disposed 



between said upper protection sheet and said 
movement. 

19. A thermoelectric power generating timepiece ac- 
s cording to Claim 1 2, wherein a first elastic member 
is disposed between said lower protection sheet 
and said case back, 

a second elastic member is disposed between 
10 said upper protection sheet and said move- 

ment, 

a third elastic member is disposed between 
said case and said heat conduction sheet, 
a fourth elastic member is disposed between 
is said upper protection sheet and said heat con- 

duction sheet, 

and a spacer is disposed between said upper 
protection sheet and said movement. 

20 20. A thermoelectric power generating timepiece ac- 
cording to Claims 14, wherein the elastic member 
is a compressible and heat conductive sheet having 
a high thermal conductivity. 

25 21 . A thermoelectric power generating timepiece ac- 
cording to Claim 18, wherein said spacer is made 
of a metallic material. 

22. A case back for a thermoelectric power generating 
30 timepiece, defining a hermetically enclosed space 

together with a case made of metal with a glass fix- 
edly attached thereto, containing a dial, a move- 
ment, and a heat conduction sheet therein, further 
defining an enclosed space together with the heat 
35 conduction sheet, for housing a thermoelectric ele- 
ment serving as a power supply source of said 
movement therein, said case back being made of 
not less than two kinds of constituent materials each 
having a different thermal conductivity. 

40 

23. A case back for a thermoelectric power generating 
timepiece according to Claim 22, comprising a heat 
conducting part having a high thermal conductivity, 
formed in a shape larger in outer size than the ther- 

45 moelectric element, and disposed opposite to the 
thermoelectric element, and a heat insulating part 
having a low thermal conductivity, formed so as to 
be disposed on the outside of the heat conducting 
part. 

50 

24. A case back for a thermoelectric power generating 
timepiece according to Claim 23, wherein the heat 
insulating part of said case back is provided with a 
sloped face gently slanting towards the outer pe- 

55 riphery thereof. 
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